Effect of step-down heating on brachytherapy in a murine tumor system.
The effects of step-down heating combined with low-dose-rate irradiation (brachytherapy) were studied using a murine mammary adenocarcinoma (MTG-B) grown in the flanks of C3H mice. Treatment was initiated when tumors reached 0.9 to 1.1 cm in diameter. Step-down heating consisted of 7.5 min at 45 degrees C immediately followed by 7.5 min at 42 degrees C. Step-up heating consisted of 7.5 min at 42 degrees C immediately followed by 7.5 min at 45 degrees C. Step-down heating and step-up heating were compared to a single 45 degrees C, 15-min hyperthermia treatment. These hyperthermia protocols were combined before, in the middle of, or after brachytherapy. There were 4 untreated controls, 6 sham controls, and 11 treated animals in each of the brachytherapy-alone and combined treatment groups. The entire experiment was repeated at brachytherapy doses of 988, 1273, and 1603 cGy. In addition, the effects of step-down heating, step-up heating, and single-temperature hyperthermia were tested alone and in combination with sham treatment for each sequence. Based on daily measurements of tumor diameter, the growth delay to doubling volume was used as the biological end point. To compare the various treatment protocols, an isoeffect thermal enhancement ratio (TERiso) was calculated. Step-down heating after 988 cGy brachytherapy had a TERiso of 2.0 +/- 0.04, while step-up heating after 988 cGy brachytherapy had a TERiso of 1.7 +/- 0.05. Overall, the thermal enhancement ratios calculated from these growth delays indicate that step-down heating caused significantly greater hyperthermic radiosensitization than step-up heating when combined with brachytherapy.